Orthosiphon stamineus BENTH. [syn.: O. aristatus (BL.) MIQ., O. grandiflorus BOLD., O. spicatus (THUMB.) BAK.; Lamiaceae] is one of the popular traditional folk medicines used extensively in Southeast Asia for the treatment of a wide range of diseases. This plant is known as "kumis kucing" in Indonesia and regarded as an effective folk medicine for the treatment of diabetes, hypertension, rheumatism, tonsillitis, menstrual disorder, etc.
, while its 13 C-NMR spectrum revealed the signals of a ketone, three ester carbonyls, five oxygen-substituted carbons, and three oxygen-nonsubstituted quaternary carbons ( Table 2) . These 1 H-and 13 C-NMR data were similar to those of orthosiphol B (19) isolated previously from O. stamineus of Vietnam, 13) Myanmar, 16) and Okinawa, 19) but they were characterized by the lack of one of the two acetyl groups in 19. Analysis of the 1 H-1 H shift correlation spectroscopy (COSY) and heteronuclear multiple-quantum coherence (HMQC) spectra indicated a high-field shift of H-7 (1, d H 4.29; 19, d H 5.44). Thus, 1 was assumed to be 7-O-deacetylorthosiphol B.
The planar structure of 1 was determined on the basis of the significant heteronuclear multiple-bond correlation (HMBC) spectrum depicted in Fig. 1a . The location of an acetyl substituent at C-3 and two benzoyl substituents at C-1 and C-11 were elucidated from the HMBC correlations between the ester carbonyl carbon at d C 170.9 (3-OCO) and the protons at d (Fig. 1b) with trans-fused ring junctions and b-axial orientation of H-2. On the other hand, small coupling constants for H-1 (Jϭ3.4 Hz), H-2 (br s), and H-3 (br s) indicated the benzoyloxy, hydroxy, and acetoxy substituents at C-1, C-2, and C-3 to be a-equatorially oriented. Similarly, a small coupling constant observed for H-7 (br s) indicated it to be in b-equatorial orientation. As for ring C, the ROESY correlations H-1/H-11, H-9/H-11, H 3 -20/H-11, H-11/H-12a, H-11/H-12b, and H-12b/H 3 -17 indicated the boat conformation of ring C and a small coupling constant between H-9 and H-11 (Jϭ5.1 Hz) indicated the b-equatorial orientation of H-11. This is also supported by the absence of trans-diaxial coupling between H-11 and H-12a. The significant ROESY correlations between H-12b and H 3 -17 indicated that the vinyl group at C-13 should be a-oriented.
The absolute configuration of 1 was established by application of the exciton chirality method. 23, 24) In the circular dichroism (CD) spectrum (Fig. 2 ) of 1, a positive maximum ([q] 238 ϩ44590) and a negative maximum ([q] 213 Ϫ11390) due to two chromophoric benzoates at C-1 and C-11 were observed indicating that the two benzoyloxy groups have a clockwise relationship. 4, 6) Thus, compound 1 was concluded to be 7-O-deacetylorthosiphol B.
The HR-FAB-MS of 2 showed the quasimolecular ion at m/z 693.2941 (MϩH) ϩ , consistent with the molecular formula C 38 H 44 O 12 . The IR spectrum of 2 showed absorptions of hydroxyl, ester carbonyl, and phenyl groups. The 1 H-and 13 C-NMR spectra of 2 (Tables 1, 2 ) also resembled those of orthosiphol B (19) , but they showed the presence of one more oxymethine (d H 4.60, d C 69.4) and the lack of methylene signals assigned to H 2 -6 in 19 (d H 2.01, 2.15; d C 21.5), indicating the presence of a hydroxyl group at C-6 in 2. This and the planar structure of 2 were confirmed by the COSY, HMQC, and HMBC data. The significant correlations observed in the ROESY spectrum were similar to 1, which indicated that rings A and B have a chair conformation and that ring C has a boat conformation, as in 1 and 19. The broad singlet nature of H-6 indicated the C-6 hydroxyl group was b-oriented. (Fig. 2) revealed the absolute stereostructure of 2 to be the same as 1. From these data, compound 2 was concluded to be 6-hydroxyorthosiphol B.
The 3 2.20 s pound 3 was assumed to be 3-O-deacetylorthosiphol I, which was confirmed by the COSY, HMQC, HMBC, and ROESY spectra. The absolute stereochemistry of 3 was determined by comparing its CD spectrum ( Fig. 2) with that of orthosiphonone A (22), of which absolute stereochemistry was determined by Shibuya et al. (Fig. 3b) . The absolute stereostructure of 4 was determined by comparing the CD data with 3 and 22 (Fig. 2) . From these data, compound 4 was concluded to be 2-O-deacetylorthosiphol J.
Siphonol A (5) was obtained as a colorless amorphous solid and showed the quasimolecular ion at m/z 735.3030 (MϩH) ϩ in HR-FAB-MS, which corresponds to the molecular formula C 40 H 46 O 13 . IR spectrum of 5 was similar to that of orthosiphol H (10), a known compound isolated from the same extract, and showed absorptions of hydroxyl, ester car- bonyl, and phenyl groups. The 1 H-NMR spectrum of 5 displayed a unique feature consisting of only three tertiary methyl signals, a vinylic and five oxygen-substituted methines, an oxygen-substituted methylene, and two methylenes, together with those of three acetyl and two benzoyl groups (Table 1) . Except for the difference in the disappearance of one tertiary methyl signal with the presence of one more oxymethylene signal, the remaining data were similar to those of orthosiphol H (10). Thus, one of the four tertiary methyls in 10 was assumed to be oxygenated, and the position of oxygenation was determined to be C-20 based on the significant correlations H-1/C-20, H 2 -20/C-1, H-5/C-20, H 2 -20/C-5 and H-9/C-20 observed in the HMBC spectrum (Fig.  4a) . The locations of two benzoyl and three acetyl substituents were determined to be the same as those in 10 based on the HMBC correlations between ester carbonyl carbons of the substituents and the respective oxymethine protons (Fig.  4a) .
The relative stereochemistry of 5 was assigned on the basis of the ROESY correlations and the coupling constant data. The ROESY correlations H-2/H-3, H-2/H 3 -19, H-2/H 2 -20, H-3/H 3 -19, H 3 -19/H 2 -20, and H-5/H-9 indicated rings A and B to have a chair conformation (Fig. 4b ), while the ROESY correlations H-1/H-11, H 2 -20/H-11, H-11/H-12b, and H-12b/H 3 -17 and the small coupling constant between H-9 and H-11 (Jϭ5.6 Hz) indicated a boat conformation of ring C and a gauche relationship between H-11 and H-9. In the CD spectrum, a positive maximum ([q] 241 ϩ29815) due to two chromophoric benzoates at C-1 and C-11 revealed its absolute stereostructure. Thus, orthosiphonol A was concluded to be 20-hydroxyorthosiphol H (5).
Siphonols B (6) and C (7) were obtained as colorless amorphous solids and their molecular formulas were determined to be the same (C 38 H 44 O 12 , 692) by HR-FAB-MS spectra. The 1 H-and 13 C-NMR spectra of 6 and 7 were similar to each other and showed the signals of a vinyl, five oxymethines, three methylene, and three methyls, together with those of two benzoyl and two acetyl groups. These data closely resembled those of siphonol A (5), but they were characterized by the disappearance of signals due to one of three acetyl groups in 5. The location of the deacetylation was determined to be at C-7 for 6 and C-2 for 7 based on the upfield shift of H-7 (6: d 5). The 1 H-NMR data of 8 were also similar to 5 and displayed signals due to three tertiary methyls, five oxygen-substituted methines, an oxygen-substituted methylene, and two oxygennonsubstituted methylenes, together with those of three acetyl and two benzoyl groups (Table 1 ). However, its 1 H-NMR spectrum showed an upfield shift of H-7 (d H 3.56) and a downfield shift of H 2 -20 (d H 5.01, 4.58). These data suggested that the acetoxyl group at C-7 in 5 should be replaced by a hydroxyl group in 8, and the hydroxyl group at C-20 in 58 (H 2 -20) . The relative stereochemistry was assigned by the ROESY experiment to be the same as that of 1 and the absolute stereostructure was confirmed by the CD data.
Siphonol E (9) was obtained as a colorless amorphous solid. The HR-FAB-MS showed a quasimolecular ion at m/z 737.2818 (MϩH) ϩ , consistent with the molecular formula C 39 H 44 O 14 . The IR spectrum of 9 showed absorptions due to hydroxyl (3400 cm H-NMR spectrum of 9 displayed signals due to an aldehyde proton (d H 9.34), three tertiary methyls, five oxygensubstituted and two aliphatic methines, and one oxygen-substituted methylene, together with those of three acetyl and two benzoyl groups (Table 1) , while its 13 C-NMR spectrum revealed the signals of a ketone carbonyl, an aldehyde carbonyl, five ester carbonyls, seven oxygen-substituted carbons, and two quaternary carbons ( Table 2 ). Excluding the 13 C-NMR signals for two benzoyl and three acetyl groups, 9 possessed only 19 carbon signals in its main carbon framework, suggesting it to be a norditerpene.
The partial connectivities between C 1 -C 2 -C 3 , C 5 -C 6 -C 7 and C 9 -C 11 -C 12 were obtained by the analysis of the COSY and HMQC spectra, and these were connected from the longrange correlations observed in the HMBC spectrum. Significant long-range correlations between the aldehyde carbon (d C 199.0) with H 3 -17 and H 2 -12 confirmed the aldehyde group to be C-15. On the other hand, the locations of the two benzoyl and three acetyl groups were determined to be at C-1 and C-11 and at C-2, C-3, and C-7, respectively, based on the HMBC correlations between the ester carbonyl carbon at d , between the ester carbonyl carbon at d C 169.3 (7-OCO) and the protons at d H 5.51 (H-7) and 2.27 ) and between the ester carbonyl carbon at d C 164.6 (11-OCO) and the protons at d H 5.83 (H-11) and 7.33 (H-2Љ,6Љ). The relative stereochemistry of 9 was determined to be the same as 5, on the basis of the ROESY correlations and the coupling constant data and the absolute stereochemistry was established by the CD spectrum.
In this paper, we have reported nine new diterpenes, 7-Odeacetylorthosiphol B (1), 6-hydroxyorthosiphol B (2), 3-Odeacetylorthosiphol I (3), 2-O-deacetylorthosiphol J (4), and siphonols A-E (5-9), together with nine known diterpenes, orthosiphols H (10), K (11), M (12) , and N (13), staminols A (14) and B (15), neoorthosiphols A (16) and B (17) , and norstaminol A (18) . Except for 3, all the new diterpenes (1, 2, 4-6) possessed a benzoyl substituent at C-1 and an acetyl substituent at C-3, respectively. Interestingly, the 1 H chemical shifts for acetyl methyl at C-3 appeared at higher field than the usual methyl protons, which may be due to orientation of the 3-OCOCH 3 group to lie in the shielding zone of the benzene ring of 1-OBz. Among the new diterpenes, siphonols A-E (6-9) represent the first examples of isopimarane-type diterpenes oxygenated at C-20. Siphonol E (9) is a biogenetically interesting norisopimarane-type diterpene having an aldehyde functional group, which might have been produced by the oxidative cleavage of the vinylic group in 1, All the isolated compounds, except for 2, were tested for their inhibitory activities against NO production in LPS-activated macrophage-like J774.1 cells. All of them displayed significant dose-dependent inhibition, and the activities of 1, 3-7, 9, 10, 14, and 17 were more potent than the positive controls N G -monomethyl-L-arginine (L-NMMA), polymixin B, and dexamethasone. Among the isolated compounds, siphonol A (5) displayed the most potent activity with an IC 50 value of 10.8 mM ( Table 4 ). The diterpenes isolated from this plant species have been shown to exhibit a suppressive effect on contractile responses in rat thoracic aorta 6, 8) and inhibitory activity against the inflammation induced by a tumor promoter 12-O-tetradecanoylphorbol-13-acetate (TPA) on mouse ears. 4) The NO inhibitory activity in endotoxin-activated macrophages by the diterpenes further verifies the antiinflammatory utility of O. stamineus. Vol. 51, No. 3 Tables 1 and 2 . Nitric Oxide Inhibitory Assay Macrophage-like J774.1 cell line was purchased from Riken Cell Bank (Tsukuba, Japan) and propagated in 75-cm 2 plastic culture flasks (Falcone, Becton Dickinson, NJ, U.S.A.), containing RPMI-1640 medium supplemented with penicillin G (100 units/ml), streptomycin (100 mg/ml), and 10% fetal calf serum. The cells were harvested with trypsin and diluted to a suspension in fresh medium, then seeded in 96-well plastic plates with 1ϫ10 5 cells/well and allowed to adhere for 2 h at 37°C in a humidified atmosphere containing 5% CO 2 . Then the medium was replaced with fresh medium, containing LPS (10 mg/ml) and test compounds at indicated concentrations, and the cells were incubated for 24 h. NO production was determined by measuring the accumulation of nitrite in the culture supernatant with Griess reagent. 25) Briefly, 50 ml of the supernatant from each well of 96-well plates was incubated with an equal volume of Griess reagent (0.5% sulfanilamide and 0.05% naphthylene-diamide dihydrochloride in 2.5% H 3 PO 4 ) and then allowed to stand for 10 min at room temperature. Absorbance at 550 nm was measured using a HTS 7000 microplate reader. The nitrite concentration in the medium was determined from the calibration curve (Yϭ0.0038XϪ0.0043, rϭ0.9998) obtained by using different concentrations of sodium nitrite (NaNO 2 ) in the culture medium as standard. The blank correction was carried out by subtracting the absorbance due to medium only from the absorbance reading of each well.
